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obtained absolute values for total scattering cross sections at velocities
well-defined for each of 38 different systems involving Ar and a variety

i - cf Larget molecules, chiefly hydrocarbons. From these scattering cross
sections C6 values for each system were deduced. Using the values of
these coefficients obtained from our cross section measurements, we were
also able to test a mixing rule recommended by Kramer and Herschbach1 which
allows estimation of force constants between unlike molecules from their
intera, tion with a common partner. 741 such combinations were obtalned
from our experimental data in conjunction with this mixing tI-le. With
this catalogue of C6 values and independent experimenr.l investigation of
several of the systems, we have evalu4 ted the method as a predictive tool
for the estimation of transport and thermodynamic properties which depen .
upon the attractive forces between molecules.
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I. Introduction

When a material system is in gaoeous form the average distance between com-

ponent atom- and molecules is so large that when any two of them collide, they are

in relative isolation- ConsequPenLly, to explain macroscopic behavior of gaseous

ystems in terms of ncroi<copi: e'vents requires workIng answers tu tMo primary

questions: (1) What is the natLre of the two boiy collisions wh.ch are involved?

and (2) How do the individua. events add up to the macrcscopic behavior of a large

popularlorn? The choice of appropriate stumation procedure is the core problem of

statistl-al mechanics. We are concerned here with the first question. "Though its

answer is most relevant to properties and proc=s.es of gaseous systems, two body

encounters aisc provide the basf.,. fcr first order approximations of the behavior

of condensed systems.

The convenient and usual way of describing the interaction between two atoms

and molecules is in terms of the potential energy of Vae system comprising the two

particles and its dependence upon the distance betweern them. There are cases in

which such interaction potentials are characterized by repulsive forces at all

intrrnucear distances. Coulomb repul]ion between two charged particles of like

sign 1. an example. Mcre gterallv, however, as in the case of neutral part.' S,

twc body pctentials have a rep'ilsiVL branch at small internaciear distances and

an attractive branch at large distances. These two brances mcrge a:. some inter-

mediate dist nce to form the so-called potential well. The "depth" of this wel)

is a measure of the strength of the chemical bond bereen the two particles if they

are allowed to give up energy and remain "combined" when they are brougt together.

When two parti.leE in a population coiide at energies which are high with

respect rc the depth of the potential well, the dynamics of the collision are
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ge nerally governed by the uature of the repLlslve part of the potential. When the

collision energies a-e relatively low, it is the attractive part of the potential

which dominates the process. At temperatures b. low about 1500 K most thermodynamic

and transport properties of 22aeoiis systems reflect the natui:e of the attrascive

portion of the potential. It is possible to infer some feature of the interaction

potential from such macroscopic properties but most of the details are lost in the

averaging consequences of the great nu%bhers of collis.ond. Ov the other hand, if

full information is available on the interaction potential Detweea potential partners

in a population of atoms and molecules, it is ?ossible, in principle, to calculate

exactly all the macroscopic transport and thermodynamic properties of the population.

lIdeed, if enough information is available, it is possible in principle also to

describe all possible kinetic behaviour of the population including chemical reactions.

Thus, information on the nature of two body interaction tentials is both fundamental

and useful. A powerful method for obtaining information o o. intermolecular .wotentials

is by oleculr beam scattering experiments. :n such experiments a highly collimated

beam of molecules is allowed to intersect a similar beam of "target" loolecules at

some well defined angle or it is allowed to ?ass through a s, atering chamber con-

taining target 6as at a density such that while traversing the chamber, a sub ;tantial

fraction of the beam molecules wil 1 undergo a single collision with one of :.e targp.

molecules. There are two ways in whicL the consequences of the result!n& co1isions

,with target mol.cuies are examined. In one, a n ovable detector measure-s the flux

of scattered molecules at various angles with respect to thE incident beam. ihe

results are expressed in terms of so-called "-Iifferentia] scattering cross sectto' ".

It represents the probability that an incident beam of wolecules will be scattered

in a particular direction.

In the second kind of experiment a qtationar' deL..tor on the beam 3xis measures
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residual flux on the beam axis after all the scattering has taken place. Clearly,

the difference between the initial and final fluxes is a measure of tho integrl

of the differential cross section over all angles. If the angle intercepted by

the detector is sufficiently small to be within the minimum observable scattering

angle allowed by the uncertainty principle then the resulting integral cross section

is known as the total cross section. It represents the cross-sectional area of

the sphere within which the centers of two molecules will have to be located if

they are to have any observable effect on each other's trajectories. Clearly,

differential cross section data contain ore information than integral cross section

data. But differential measurements are much more difficult to carzy out. If

integral cross sections are measred at well 4efined collision energies over a

range of such enzLgSies the resnzing data can provide a fairly detailed description

of the attractive part of the itermolecular potential.

The prsent program haz been concer-.d with measurements of integral cross

sections for a wide variety of molecules in order to determine the so-called van

der Waals or C6 coefficients for the attractive portion of the pair wise potential

The C6 designation stems from the fact that at the relAtively large internuclear

distances involved in total scattering Lross sections for molecules without permanent

dipole moments, the attractive force is due to induced-dipole-induzed dipole inter-

actions which make the potential energy of ,,he pair decrease as the sixth power

of the internuclear distance. Thus C 6  -z he coefficient of the /r6 term in

mwst expressions for intermolecular potential, e.g. the familiar 12-6 or Lennard

Jones potential. Originally we planned to obtain relative values of totzl cross

seczions over a variety of collision energies. Such masurements provide informaLion

abouc the depth and location of the so-called potential well. As we developed the

eq:. 7ioent and our tt.chniquzs we found that we could obtain absolute values of the

total cross section wian substantial accuracy and pr.-!:ision. Such absolute values

-



at im particular and well defined velocity are perhaps the best way of obtaining

C6 values directly but there have beenz relatively few investigators who have been

willing to take the pains necessary to achieve absolute values. Consequently,

we devoted much if our effort to obtaining C6 coefficients for a large number .;f

molecular pairs. We must admit that this slight shift in our objectives was

encouraged by difficulties which we er.n ntered in making in situ measuresents of

bear molecule velocity over a range of velocities during the scattering experiments.

We were also s.-imulated by the desire to test a mixing rule which Kranec and

Hc-scbbach had found to be very effective in determining force cunss-ants between

unlike moleuL.es from their interaction behaviour with a comon parrner. ( That

is to say, if L6 is know- for the interaction of A with B and A with C, then tne

mixing rule will predict thn C for the inte.raction of B with C. Thus, if a set
6

of C6Iv"is obtained for A with a famil: of molecules, an effective mixi-g rule

would permit the prediction of C for the interaction of any pair oi molek les

in the family. Clear., an effective mixing rule together with a set of C6 values

for a particular molec 4 i.ith a wide variety of collision partners -would comprise

a very useful prddictive .ool in the estiation of "ransport and thexmodyramic

properties which depend upon the attractive forces between mcleculer. In what

follows we will set forth what we har-e achieved in developing thi6 tool.

II. Equipment and ProcedLeres

The essential steps in our experiments comprised: (1) generating a molecular

beam by passing the core of a freely expanL inz supersonic jet through a conical

collimating orifice commonly called a skimmer; (2) further collimating the beam

and pa,.&ing it through a scat ering box; (3) measuring the intensity of the beaZ

with an ionization gauge detccuor after it emerged from the scattering box. The

intensity I when gas is present in the scattering box and the intensity I when
0



there is no gas in the box are related by Beer's Law:

- -Qnl

where Q is the total scattering cross section and n is the number density of mol-

ecules along the scattering path of length L. From measurements of I, I0, 1 and

n we obtain Q.

We used a molecular beam apparatus which had been designed and partly built when

oiz laboratory was in Pr.nceton. With the suppoz- *rom tie present grant it was

Lurpleted and put into opetation here at Yale. It is a tree stage nozzle beamIsystem with separate pumping in the nozzle exhaust, collimating and test chambers

revpectively, made entirely of stainless steel. We refer to it as our "Minibeam"I becz se it features diffusion pumps only six inches in diameter, as contrasted with

4 the thirty-two inch diameters of o"- older pumping systems. The advantages of a

nozzle beam in scatt'cing experiments include high intensity and narrow velocity

distribution of the beam mo'tcu:es. (2,3) A high intensity is important because

in attempting to measure total scattering cross section one wants a very narrow

beam and a fairly long distance between the scattering region and the detector so

that the effective angular resolution of the apparatus is high, i.e. so that a very

small deflection will cause a molecule to miss the detector. The effective resolution

in our system is about three quarters of a milliradian. A narrow velocity distri-

bution in the beam is desirable in order to minimize the spread of energies over

which the scattering occurrs. In a scattering experiment for the determination of

absolute total cross sections the number of target molecules along the scattering

path must be precisely known. Therefore, it is almost inevitable that the scattering

region must comprise a box of a ..urately known dimensions containing isotropic low

density gas at an accurately known temperature and pressure. Thus, there is always

thermal energy spread in the target rolecules. (The maximum energy to be associated



with the observed scattering spread is in effect the sum of the energy spreads of

the beam and target molecules.) When the beam molecules have a narrow velocity

distribution, the corrections for energy spread are much smaller than if the beam

had the kind of wide distributions associated with beams from effusiv,. sources.

An important feature of our anparatus is its partnership with PDP 11 computer

which AFOSR allowed us to acquire under this grant. It was purchased and incor-

porated into the system about halfway through the study. This computer no. 'nly

controlled 3nd operated the beam system, but provided on line processing of the

data including the tedious corrections for velocity spread and angular resolution.

Because of its ability to process large quantities of data in reasonable time, we

were able to iucreahe our precision by averaging results over large numbers of

independent measurements. In fact, all the experimental results on total cross

sections which we reporL are averages of at least 48 separate measuremants. Implicit

in this statement is the fazt that afte- installing the computer, we repeat I all

the measurements we had mad' during the first two years of our effort.

Evidence of the precision and accuracy which we are able to achieve is given by

our latest determination of the cross section for argon-argon scattering, which is

the reference benchmark for all of our measurements. By measuring total cross

sections at varying source pressure and extrapolating to zero source pressure, we

obtain a value of 342. ;2 at a relative velocity of 555 mIs. The best available

Lnterlolecular potential for argon-argon, the so-called Barker-Fisher-Watts potential

obtained from best fits for a wide range of experimental data of all kinds, predicts

a value of 3O.6.(2 for these conditions. To our knowledge, this agreement is the

best that has yet been obtained by anyone. Incidentally, it is noteworthy that the

extrapolation to zero pressure became necessary when we learnee from other experi-

ments in our laboratory that the dimer population in argon bcams !rom nozzle sources

is much higher than previous investigators had believed. Of course, a mass spectro-
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meter detector would have eliminated the necessity of extrapolating to zero pressure

because it would not "see" dimers when toned to monomers. On the other hand,

rarely can mass spectrometers combine reproducibility and sensitivity as effectively

as ionization gauge detectors.

We mentioned in the Introduction that we had had some difficulty in obtaining

jn sit measurements of beam velocity during scattering experiments. This diffi-

culty arose after we had installed the computer. The programiung and interfacing

of the computer with velocity distribution measurements by Time-Of-Flight turned

out to be more difficult than we had imagined. We now have most of the problems

ironed out and in the future, hope to make beam velocity measurements as a routine

matter. The inability to make in situ velocity measurements hrs not been a great

inhibition in many cases where we have accurate velocity information from earlier

anaiog experiments in termq of source conditions, especially with relatively

simple molecules. Essentially all the results reported here fall in that category

and do not suffer from uncertainty in the relative velocity to which the reported

cross sections and the derivative C6 values relate.

A more complete description of the equipment and procedures will L" found in

the paper "Total Cross Section teasurements for the Scattering of Argon by Aliphatic

Hydrocarbons" by T. Nenner, H. Tien and J. B. Fenn which appeared in the Journal

of Chemical Physics.

Iii. Results

As indicated in the Introduction, a primary objective of this work became the

testing and implementation of a combination or mixing rule which would make possible

the prediction of a large number of C6 coefficients for molecule pairs from a much

smaller number of measurezents. In particular, we wanted to increase the scope

of a rule which Kramer and Herschbach had found to be most effective. This rule,
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first proposed by Molewyn-Hughes can be written:

G12 (G1 1 + G2 2 )/2

where G1 2 is defined by ala 2/C612, a being the polarizability, and the subscripts

relate to different species. Similarly,

G23 1 12 + G13 G 11

Thus, we can predict. G2 3 from C6 values obtained from the scattering of species 1

by species 2 and epecies 3, provided we know something about the polarizability of

each species. A straightforward extension of this approach -eans that with a

catalogue of C6 values obtained from total scattering cross sections for a reference

molecule on a variety of target molecules, we can predict C6 values for all com-

binations of molecules in the catalog. In our studies thus far we have obtained

total scattering cross sections and the derivative C6 values for argon as a reference

molecule on 38 other molecules. This collection of data in combination with the

mixing rule gives rise to 741 different C6 values.

Of course, the question is whether the resilting values are reliable, i.e. does

the mixing rule work. In order to answer this question, we also measured total

scattering cross sections for another 40 combinations of molecules in the catalogue.

At the same time, we calculated C6 values from polarizabilities using the well

known Slater-Kirkwood approximation. (4) We thought it would be valuable to determine

the extent to which this approximation might be useful in the absence of any ex-

perimental data at all. The Slater-Kirkwood approximation can be written:

25.1 x 10 - 6 0 ala261.2 1/= /(CLIIN 1 )1/2 + (a2 IN 2 )1/

where N is often taken as the number of outer shell electrons and is sometimes
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regarded as an empirical fitting parameter. We have assumed N = for argon. It

is the number of outer shell electrons in all the other molecules.

The results are summarized in the tables which comprise Section V. In addition

to experimental values the tabl=_ include all values calculated from the Slater-

Kirkwood approximation and from the mixing rule in light of experiments. We have

not yet completely digested all of this material, but we will make some observations.

First we note that the mixing rule does seem to work for the compounds which we

have tested. In general, it gives values within less than five per cent of the

experimental value. We would not hesitate, therefore, to use the mixing rule to

calculate values of C6 for practically any combination of molecules in the catalogue.

Perhaps more suprising is the effectiveness of the Slater-Kirkwood approximation.

It seems in general to give C6 values which are rarely more than ten per cent in

error and are usually much closer. Consequently, we would not hesitate to accept

the results of Slater-Kirkwood calculations for any molecules which are not in our

catalog but which are reasonably similar in a chemical sense to those in the catalogue.

It seems to us that an important consequence of this work is a substantial extension

of the possibility of estimating thermodynamic and transport properties where attractive

forces play a role and when there is a paucity of experimental data. In essentially

all of the interaction potentials which are used in the calculation of these proper-

ties the attractive part of the potential is expressed by a term involving the inverse

sixth power of the internuulear distance. Our results make it possible to estimate

the contribution of that term. _n more systims with more confidence than has heretofore

been possible.

It will have been noted that we hedged a bit in the preceding paragraph by saying

that we would not hesitate to use the Slater-Kirkwood or Mixing Rule approximations

for "practically" any combination of species. There at, some notable excepLions with

very small molecules, in particular, helium and hydrogen. in the case of helium the
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C6 value estimated by Slater-Kirkwood is larger than experiment !or srall target

molecules but substantially smaller for large target molecules. The helium atom

is so fast and the attractive force is so small that the scattering cross section

is due largely to the repulsive part of the putential which is effective at smaller

internuclear separations. Consequently, the experimental total cross section does

not truly reflect the attractive part of the potential which is what Slater-Kirkwood

purports to estimate. For this reason, we can understand why the apparent experi-

mental values of C6 are smaller than the Slater-Kirkwood values, which is what

happens with the smaller molecules as scattering centers. However, with la.-e

target molecules the apparent C values from experiment are larger than the Slater-

4 Kirkwood estimates. A similar trend shows up in the case of hydrogen. Because

the attractive force is much larger than with helium, the hydrogen scattering is

dominated by the attractive part of the potential. Consequently, the agreement

between Slater-Kirkwood and experiment is reasonably good in the case of methane.

However, as the target molecules aecome bigger the C6 from experiment becomes

much larger than the C6 from Slater-Kirkwood. Thus, in the case of both helium

and hydrogen, the apparent C6 relative to the Slater-Kirkwood value increases with

increasing size of the target molecule. We have not yet completely rationalized

this behavior but we think it may be due to a geometric size effect which has not

been hitherto considered. We argue that when the effective diameter of a molecule

becomes appreciable relative to the distance of its center of mass from the center

of mass of a colliding partner, the average distance over which the induced-dipole

induced-dipole interactions occur is less than the internuclear distance. Thus,

in the C6/r
6 term if one inserts the internuclear r the denominator is too big so

that the numerator must also appear large. We have made some calculations which

give qualitative agreement with what we have observed but much more work is needed

before we can draw any quantitative conclusions. We would note in passing that the
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same kind o. -ffect is implicit ir. the well known dependence of van der Waals

attraction between a molecule and a surface on r where r is the distance from the

surface. This dependence on the cube of the distance results from an average of

sixth power dependence on internuclear distance for the induced-dipole-iduced-

dipole interactions ovei all the surface atoms seen by the approaching gas molecule.

There is another bit of not-quite-finished work which we have carried out. By

looking at the polarization of fluorescence from alkali metal dimers in freely

expanding jets, Sinha et al found that a substantial fraction of these dimers were

aligned so that the plane of rotation was parallel to the jet axis- (5) Korving

et, al have recently confirmed this observation. (6) it occurred to us that a similar

orientation might occur in cvxbon dioxide molecules being accelerated by a helium

carrier gas. Moreover, it seemed likely that aligned molecules would have a

smaller scattering cross section than randomly oriented molecules. We therefore

undertook some measuremeuts in which we scattered a beam of accelerated carbon

dioxide molecules by argon and then undx otherwise identical cmnditions scatterad

a beam of argon by carbon dioxide molecules. Indeed we found that carbon dioxide

scattered by argon (where aligrment could occur) showed a total cross section some

7 per cent smaller than argon scattered by carbon dioxide (where alignment could not

occur). The problem is that we are not positively certain that the relative

velocities were the same in the two cases. Because the velocity dependence of

the cross sectior if. appreciable we dare not conclude that we have an alignment

effect until we repeat the experiments with in situ measurements of velocity. As

we indicated earlier, after having encountered what seemed an almost endless

sequence of difficulties in interfacing and programeing the computer for TOF velocity

measurements, we think we are about ready to succeed. Consequently, we hope to

confirm this alignment effect on scattering in the near future.
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IV. Publications

Two papers communications have thus far been published:

"Total Cross Section Measurements for the Scattering of Argon by

Aliphatic Hydrocarbons," by T. Nenner, H. Tien and J. B. Fern,

Journal of Chemical Physics 63, 5439 (i1,75)

"Long Range Attractive Forces for Hydrogen-Light Hydrocarbon
Pairs," by R. Tien, T. Nenner and J. B. Fenn, AIchE Journal 22,
405 (1976)

In preparation is at least one paper on the mixing rule test aDd confirmation in

which we have measured. If that paper turns out to be too long, we may have to sub-

divide it. In prospect is a paper on the alignment effect on scattering cross section

as well as at least one more paper extending the cross section measurements to

additional varieties 31 collision partners. In I.articular we are making measurements

on aromatic hydrocarbons, and compounds with permanent dipole moments. Although

AFOSR sponsorship of this Etudy has ended, its role in our future work in this area

is all important and will be duly acknowledged. We would here record our deep

appreciation for the support and cooperation whiLit we have enjoyed.

_ _ _-12-
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V. Tables

The first table shows a comparison of our values total cross section for

argon-argon with these of other investigators. In the remaining tables which

comprise this section are listed values of the C6 van der Waals coefficients

which have been obtained from experimental values of total scattering cross

sections and from ciJculations. Each table relates to a particular atom or

molecule which appcars in the title. The contents of the table are the C6 values

for that atom or molecule paired with each of the atoms and molecules in the

left hand column. In general there are three columns of values for C6. Those

in the columns headed "C6 EXP'T" are based on experimental values of total

scattering cross section. Those in the columnb headed "C6 -S-K" are calculated

from the Slater-Kirkwood approximation. Those in the columns headed "C - C - R"
6

are from the mixing or combination rule in conjunction with the values from

experimental cross sections. In addition, there are columns which show the ratios

of the Slater-Kirkwood and mixing rule values to the direct experimental values.

The molecular species are identified by their usual chemical symbols. All the

hydrocarbons are normal unless there is a suffix "cyclo" or "iso" after the

formula. In the case of CnH2n - 2 the suffix "yne" indicates an acetyleric linkage

and the suffix "diene" indicates two oleflnic linkages. In the second table the

column heading "POLA" stands for polarizability and the heading "DIPO" indicates

dipole moment.

Finally, Table 38 contains preliminary results from new areas which will ultimately

be worked into the scheme of Tables 2 through 37.

-13-



1&BLE I

The comparison of Ar-Ar total cross sections (relative velocity 669 mlsec).

Rothe-Neynabex 298

Swedenburg-Scott 310

Bredewout-Barker-Fisher-Watts36

- Dalgarno-Scha £f--Landau-Lifshit z 306

This stu.dy 317
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TABL II

THE CO!PARISON OF C6 FOR AR-HYDROCArIBONS

GAS C6-S-K C6-EXP C- SK/C-=XP p DIPO

Al 64.7 68.1 095 1.643 5
N2 76-3 74 1.03 1.74 0
02 73.2 67 1.09 1.57 •
C0 2 115.4 113 1.82 2-59 a
HE 10 5.1 1.96 .2542 0
H2 28.7 46-6 .61 -856 •
CH4 96.9 100.6 .96 2-56 5
C2H6 167.1 173.8 .96 4.39 0
C2l4 152.6 152.3 1 4.1 I
C2H2 ?16.7 130.9 .89 3.54 I
C3H8 237-6 245.-; -96 6.23 •
C3H6 225-6 226.5 .99 6-02 -35
C3H4 206.7 i93 1.07 5-55 -75
C3H4-DIrENE 217.3 211-4 1.02 5-98 •
C3%6-CYCL.0 215-3 211.4 1.01 5-66 I

C4HJO 306-3 325 .94 8.51 •
C4*:S- 1 295.3 292.6 1 7-83 -37
C4H8-2-CI S 2966 286.1 1.03 7-88 .37
C4H8-ISO 296 -F 289.4 1.02 7-87 .49
C4H6-DIrNE 308.1 279.7 1.1 e-56 -49
C41i6-1-YNE 277.9 228.9 1.21 7.41 e8
C5H12 371.6 395.1 .94 9.63 .8
c5H10 357-6 359.3 .99 9-35 e8
C 5H8 330.9 327-8 1 8-62 .86
C5HIO-CYCLO 34E.9 340.4 1.01 8-97 -86
C6H14 451-8 476 .94 11.85 a
C6H12 441.9 448.7 .98 11.72 8
C6Hil 415 425-6 -97 10-94 .89
C6H12-CYCLO -,4.4 414 1 10.75 0
C7H16 522.8 576.9 .9 13.71 a
C7H14 50.7 560.1 .9 13.43 0
C7H12 486 594.4 -96 12.8 .87
C7HI4-CYCLO 497.4 467.6 1.06 13.03 a
C8H18 592-7 660.9 .89 15.53 I
Ci SH16 578.6 636.8 .9 15.25 - CGM16-CYCLO 561.6 542.2 1.03 14.87 a
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TABLE ii

THE COMPARISON OF C6 FOR C02--YDROCAR3ONS
GAS C6-5-K ,6,-C-R C6-EXPT ";-SK/CE, XP C-C./CEXP
C02 209.2 188
HE 18.4 8.3
H H2 50.5 79
C ., 4 171-9 166.5 153 1.12 108

I.H6 296.6 287.7 274 1.08 1.04
| C2H4 270.1 251.4

,C212 207.2 217.7
C3H8 421-7 407 350 1.11 1.07
C3H6 399.4 374

C3H4 365.4 317.6
C3H4-DIENE 383.5 348
C3H6- CYCLO 352.1 348.'%
C4HI(0 543.9 538.7 470 1.16 1-14
C418- 1 523.2 433
C4H8-2-CIS 525.6 471.7
C4118- I SO 525.4 477.3
C4.6-DIENE 542.9 45F•9
C416-1-YN7 491-9 374.8
C5H12 660 655.2
C5H 1lO 634.4 594
C5H1. 5745,1.6
C5H10-CfCLO 616-3 562.4
C6H14 801-8 768.5
C6H12 783.1 741.5
C6H 1 a 735.6 703.8
C61 12-CYCLO 736.6 684.4
C7H.16 927.9 958
C7H1 14 902.1 929.6
C7H12 861.6 834.7
C714-CYCLO 883 770.4
CH81,1 1052 1098.2
CSH16 1026.3 1057
CSH 16-CYCLO 995.7 894



TABLE V

THE COMPARISON1 OF C6 FOR 02-HYDROCARBONS
GAS C6-5-K C6-C-R
02 85.5 66
C02 133.6 111.3
HE 11.8 4.9
W2 31.9 46.4
CH4 108.8 98.9
C2H6 187.7 170.8
C2H4 170.7 149.4
C2H2 131.9 128.9
C3H8 266.9 241.6
C3H6 252.6 222.2
C3H4 230.9 189
C3H4-DI7ENE 242.2 207.1
C3H6-CYCLO 241.8 237.3
C4HI 344.3 319.5
C4H6-1 331 287
C4HB-2-CIS 332.4 '80.5
C4HS-ISO 332.3 ?83.7
C4H6-DIE,' 342.7 273.4
C4H6-1-YNE 311 223.5
C5H12 417.9 388.6
CSHI0 401.5 35?.8
C5HS 371.8 32;.7
C5H1,-CYCLO 398.2 334.1

C6HI4 507.5 467.9
C6H12 495.4 440.4
C6H!0 465.3 417.9
C6H12-CYCLO 466.5 406-5
C7H16 587.3 567.8
C7Hl4 570.8 551.1
C7H12 545.1 495.5
C7H14-C YCLO 558.9 458.2
CMH18 665.9 653.3
CBH16 t549-4 626.5
CSH16-CYCLO 629.9 531.5

- I
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TABLE v

THE COMPARISON OF C6 FOR N2-t{YDROCARBONS

GAS C6-S-K C6-C-R C6-EXPT C-SK/CEXP C-CR/CEXP

W2 91.1 80-5 82 1.11 0.98

02 88 72.9 79 1.11 0.92

C02 138 123
HE 12.1 5.5

12 33.5 51.2
CH4 113.8 109.2 116 0.98 0.95

C2H6 196.2 188.6 197 1-0 0.96

C21!4 178.5 165.1

C2H2 137.1 142.4

C3H8 279 266.8 283 1.0: 0.95

C3H6 264.3 245.5
C3H4 241.9 208.9
C3H4-DIEJE 253.9 228.8

C3H6-CYCLO 252.8 229.1
CAHI10 359-8 353 331 1.09 1.07
C4H8-1 346.2 317.1
C4H8-2-CIS 347.8 309.9

C4H8-ISO 347.7 313.5

C4H6-DIENE 359.6 302.2
C4H6-1-YNE 325.6 247-1
CSH12 436.6 429.2

CSHIS 419-8 389-7
C5H8 388.6 355.5
C5Hl0-CYCLO 407.7 369.1
C6H14 530.5 516.8

C6H12 518.2 486.6
C6HIO 486.8 461.7

C6HI2-CYCLO 487.2 449
C7H16 613.9 627.1
C7H14 596.9 608.7
C7H12 570.1 547.4
C7H14-CYCLO 584.2 506-3
C8H18 696 718.7
C8H16 679.1 692
CSHI6-CYCLO 658-9 587.3
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TABLE VI

THE CO1PARISON OF C6 FOR HE-HYDROCARBONS
GAS C6-S-K C6-C-R C6-EXPT C-SK/CEXP C-CR/CEXP
HE 1-6 .5 0.64 2.59 0-70
H2 4.3 3
CH,4 14.8 7.7 8.7 1.70 0.88
C2H6 25.6 13.2 18.4 1.39 0.71
C2H4 23.2 11.9 14.7 1.58 0.86
C2H2 17.9 9.6
C3H8 36.4 18.7 36.3 0.95 0.48
C3H6 34.4 17.5 27.8 1.13 0.49
C3H4 31.4 15.4
C 3H4-DIENE 32.9 16.8
C3H6-CYCLO 33 16.4
C4H10 46.9 24.4 50.7 0.97 0-48
C4H8-I 45.1 22.7
C4H8-2-CIS 45.3 22.5

C4H8-ISO 45.3 22.6 41.8 1.08 0-54
C4H6-DIE-VIE 46.6 22.8
C4H6-1--YNr 42.3 19

C5H12 57 29.6 77.9 0.82 1.52
C5H10 54.7 27.6 68-9 0.79 0.40
C5H8 50.7 25.3
C5H 0-CYCL0 53.2 26.3
C6H14 69.2 36 98.1 0.71 0.37
C6H12 67.5 34.5
C6H10 63.4 32.5
C6H12-CYCLO 63.6 31.8
C7H16 80.1 42.8
C7H14 77-8 41.7

C7HI2 74.3 38.4
CTHI4-CYCL0 76.2 36.9
C8H18 90.8 48-8
C8H16 88.5 47.4
C8H16-CYCLO 85.8 42.5
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TABLE VII

THE COPARIS01 OF C6 FOR H2-HYDROCARBONS
GAS C6-S-K C6-C-R C6-EXPT C-SK/CEXP C-CR/CEXP
H2 12.8 37.8
CH4 43-1 67.5 48 0-93 1.40
C2H6 74-3 116.9 116 0.67 1.00
C2H4 66 loo.ZC2H2 51.8 91

C3H8 105.7 165.1 187 0.58 0.90
C3H6 100.5 149.5
C3H4 92.2 124.2
C3H4-DIENE 97.1 136.7
C3H6-CYCL0 95.8 139-2
C4HI0 136.2 223.5 242 0.58 0.90
C4H8-1 131.5 192.7
C4H8-2-CI5 132.1 186.6
C4H8-ISO 132.1 189.6
C4H6-DIENrE 137.8 176.6
C4H6-1-YNE 123.9 142.3
C5HI2 165.1 269.3
C5HI 159.1 239
C5H8 147.2 217.3
C5HIO-CYCLO 154.2 225.5
C6H14 200.9 321.8
C6H12 196.7 298
C6HI9 184.8 284.3
C6HI2-CYCLO 184.1 275.6C7H16 232.5 397.1C7H14 226.4 384.2

C7H12 216.3 338.5
C7H14-CYULO 221.2 303.9
CBH8 263.5 457.1
C8H16 257.4 437
C8H16-CYCLO 250 354.2
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TABLE VlII

THE COMPARISON OF C6 FOR CH4-HYDROCARBONS
GAS C6-S-K C6-C-R C6-EXPT C-SK/CEXP C-CR/CEXP
CH4 145.4 149.1 144 1.01 1.03
C2H6 250.6 257.4 2244 1.03 1-05
C2H4 229 226.3 214 1.07 1-06

C2H2 74.9 193.1

C3H8 356.2 364.2 344 1.03 1.06
C3H6 338.4 336.3 312 1.07 1-08
C3H4 310.3 287.6
C3H4-DIEtJ 326.5 314.7

§ C3H6-CYCLO 322.9 313.9
C4H1 459.2 4813.8 468 0.98 1.03
C4H8-1 442.9 43.4.6
C4H8-2-CIS 445 425.5

| C4H8-ISO 444.9 430.1 416 1.07 1.03
C4P5-DIENE 463 417.8
C4h6-1-YN7 417.1 342.7

C5H12 557 584.1 573 0.97 1.02
C5HI 536.2 533 521 1.03 1.02
C5H8 496.2 486.5
C5HI0-CYCLO 520 505.1

C6H14 677.4 704.5 697 0.97 1.01
C6H12 662.8 665.6
C6H10 622.5 630.8
C6H12-CYCLO 621.' 614

C7H16 783.8 851.7

C7H14 762.9 827.3
C7H12 728.9 747.2
C7H14-CYCLO 745.8 695.8
C8H18 888.6 975.3
C8H16 867.7 940.6

CSH16-CYCLO 842.4 886.2
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TABLE ix

THE COMPARISON OF C6 FOR C2H6-hYDROCARBO tS
GAS C6-S-K G6-C-P
C2H6 431.9 444.4
C2H4 394.7 390-6
C2H2 301.4 333.5
C3H8 614 6 8.8
C3H6 583.3 580b.
C3H/4 534.7 496.2
C3.4-DI ENE 562.6 543
C3H6- CYCL0 556-•5 54 t .8
C4HI3 792.6 830.2

C4H8- I 763.3 750
C4H8-2- CI S 76 7 734-.3

C4H8-ISO 766-7 742.2
C4H6-DIE!JE 797.9 .'20.5
C4H6-1-YNE 718.8 590.9
C5HI2 960 1008.7
C5H10 924.1 920.1
C5H8 855.2 839.7
C5HIO-CYCLO 896.3 872.1
C6H 1 . 1167.5 1216.4
CGl2 1142.3 1148.9
C6H10 1072.9 1089
C6H12-CYCLO 1070.6 !S59-9
C7H16 1351 1471.1
C7-14 1314.9 1428.8
C7Hl2 1256.3 1290
Chl4-CYCLO 1285.4 1200.5
C8HI8 1531.6 1684.6
C8H16 1495.5 1624.4
CSH16-CYCLO 1451.9 1391.1

-I-
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TABLE X

THE COMPARISON OF C6 FOR C2H4-HYDROCARBONS

GAS C6-S-K C6-C-R
G2H4 360.9 344.5
C2H2 275- 4 291.7
C3H8 561.1 552-8
C3H6 533.3 511.5
C3H4 489 439.2
C3H4-DIENE 514.6 480-2

C3H6-CYCLO 508.6 477.8
C4H10 723.4 728.6
C4H8- 697.8 661.3
C4H8-2-CIS 701.1 648.4
C4H8-ISO 700.9 655
C4H6-DIENE 730 639.6
C4H6-1-YNE 657.3 526
C5H12 877.2 8b4.p,
C5H10 844.6 810
C5H8 781.6 739.7
C5H10-CYCLO 819 768.3
C6H14 1067 1068.3
C61112 i044.2 1011.7
C6HIO 98'-7 958.1
06H12-CYCLO 978.2 933
C7H16 1234.7 1288.5
C7H14 1201.8 1252.1
C7H12 11148.3 1134.1

C7H14-CYCLO 1174.7 1060.8
C81118 1399.7 1474.5
CEH16 1366.8 1423.4
CBH16-CYCLO 1327o1 1228.2
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TABLE XI

THE %;OMPARISON OF 06 FOR C2H2-HYDROCA RBONS
GAS 06-S-K 06-C-R
C2H2 210.4 252
C3H8 428.5 471.8
C3H6 407 433.8
C3H4 373.1 368.8
C3H4-DIENE 392.4 4 04
C3116-CYCLO 388-3 404.8
C4H10 552.4 624.2
C4i{8-1 532.7 560.3
04H8-2-CIS 535.2 547.4
r4KB-ISO 535 553.8
14H6-DIENE 556.5 533.2I 0H6-1-YNE 501.5 435.7
C5H12 670 759.2
C5,{ 644.9 688.8
CSH6 596.8 628.2
C51110-CYCLO 625.5 652.3
C6H14 814.8 913.9
C6H12 797.1 859.9
C6H10 748.7 s1t.1
C6H 12-CYCLO 747.2 793.6
C7H16 942.8 1109-6
C7HI4 917.6 1076.9
C7H12 876.7 967.7
C7H14-CYCLrO 897 894.2
08H18 1068.8 1271.8IC81H16 1043.6 1224.4

CBH16-CYCLO 1013.: 1037.4



TABLE XII

THE COMPARISON OF C6 FOR C3HB-HYDROCARBONS

GAS C6-S-K C6-C-R
C3H8 872.8 889.8
C3H6 829.1 821.3

C3H4 760.1 702.4
C3H4-DIENE 799.6 768.6
C3H6-CYCLO 7c 1 766.8
C4H1o 1125.2 1174.6

C4H8-1 1085.1 1061.4
C4H8-2-CI 5 i090.2 1039.2
C4H8-1S0 1089.8 1050.4
CAH6-DIENE 1134 1020

C4H6-1-YNE 1021.8 836.6
C5HI2 1364.7 1427.2
C5H10 1313.6 1302
C5H3 1215.7 1158.3
C5H10-CYCLO 1274.1 1234.2
C6H14 1659.6 1721.1
C6HI2 1623 7 1625.9
C6HI 1525.1 1541

C6H12-CYCLO 1521.9 1499.8
C7H16 1920.5 2081.3
C7HI4 1869.1 2021-5

C7H!2 17S5.8 1825.3
C7HI4-CYCLO 1827.2 1699.1
CaH8 2177-1 2383.3
-,H16 2125.8 2298.2
C8H16-CYCLO 2063.5 1968.9



j TABLE Xjjf

THE COMPARISON OF C6 FOR C3H6-HYDROCARBONS
GAS C6-S-K C6-C-R
C3H6 787.9 759.6
C3H4 722.5 651.6
C3H4-DIENE 760.3 712.6
C3H6-CYCLO 751.5 709,4
C4H I 106F .9 1052.9
C4H8-1 1031 982

C4HB-2-CIS 1036 962.5
C4HB-ISO 1035.6 972.4
CAH6-DIENE 1076.5 945.6
C4H6-1-YNE 971.1 779-6
C5H12 1296.3 1315.1
C5HIO 1248 1203.1
C5H8 1154.9 1098.6
C5H10-CYCLO 1210.2 1141

C6HI4 1576.6 1587.5
r6H12 1542.9 1502.7
C6HIO 14491 1 1423.3

C6H12-CYCLO 1445.5 1385.8
C7H16 1824.5 1915.7
C7H14 1775.8 1861.4
C7HI2 1696.8 1685
C7H14-CYCLO 1735.8 1574.5

CBHI8 2068.:1 2192.5
CBH16 2019.7 2116.1
CBH16-CYL- 1961 1823.3

~-26-



TABLE XIV

THE COMPARISON OF C6 FOR C3H4-HYDROCARBONS
GAS C6-S-K C6-C-R

t C3H4 662-6 561.7
C3H4-DIENE 697.4 613.7
C3H6-CYCLO 689 608.9
C4HI0 979-9 924-4
c4H8-1 945.4 842.8
C4H8-2-CIS 949.9 827.6
C4H8-ISO 949.6 835-4
C4H6-DIENE 989.4 820.7
C4H6-1-YlE 890.5 676.6
C5H12 1188.3 1121.8
C5H1E 1144.2 1030.7
C5H8 1058.8 941.8
C5H10-CYCLO 1109.3 978.3
C6H14 1445-4 1356
C6H12 1414.6 1287.6

iiC6H10 132.7 1218.3
C6H12-CYCLO 1325 1187.1
C7H16 1672-6 1631.2
C7H14 1628.1 1586
C7H12 1555.7 1441.1
C7H14-CYCLO 1591.3 1354.7
CHI8 1696.1 1865.5
C8H16 1851-7 1802.8
CHI6-CYCLO 1797.9 1567.2

I
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TABLE XV

THE COMPARISON OF C6 FOR C3H4-DIEN-HYDROCARBON5
GAS C6-5-K C6- C- '-
C3H4-DIE!NE 734.1 670.6
C3H6-CYCLO 724.8 665.8
C4H1O 1030.8 1011.9
C4H8-1 994.7 921.5
C4H8-2-CIS 999.5 904.6
C4HS-ISO 999.1 913.3
%,,IH6-DI EN7 1041.7 895.9
C4H6-1-YNE 937.1 738.1
C5H12 1250 1228.1
C5HlO 1203.7 1127-4
C5Hs 1113. ' 1030
C5HIO-CYCLO 1166.9 1069.9
C6H!4 1520.5 1484.1
C6H12 1458.4 1408.4
C6E10 1398 1332.9
C6H12-CYCLO 1393.6 1298.5
C7H16 1759.5 1786.5
C71H14 1712.9 1736.7
C7H12 1636.8 1576.9
C7H14-CYCLO 1674 1480.5
CSHI8 1994.6 2043.3
C8H16 1943.1 1974-2
CSH16-CYCLO 1891.6 1713-2
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TABLE XlV

THE COMPARISON OF C6 FOR C3H6-CYCLO-HYDROCARBONS
GAS C6-S-K C6-C-R
C3H6-CYCLO 717 662.5
C4 10 1019.8 1010.8
C4H8-l 983.5 917.1
C4H8-2-CIS 988.2 899.1
C4H8-IS0 987.8 908.3
C4H6-DIENE 1028 886.6
C4H6-1-YNE 925.1 728.8
C5H12 1236.9 1227.5
C5HI0 1190.7 1123.4
C5H8 1101.9 1025.9
CSHIO-CYCLO 1154.8 1065.6
C6HI4 1504.2 1481.9
C6H12 1471.7 1403.2
CSHIO 1382.3 1328.9
C6H12-CYCLO 1379.3 1294
C7H16 1740.7 1787.8
C7HI4 16?4.1 1737.2
C7H12 1618.6 1573.1
C7HI4-CYCLO 1656.1 1470.8
CSHI8 1973.3 2046
C8H16 1926.8 1974.9
CSIi6-CYCLO 1870.6 1793.1
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TABLE XVII

THE COMPARISON OF C6 FOR C4HI1-HYDROCARBONS
GAS C6-S-K C6-C-R
C4HIO 1450.7 1551.6
C4H8-1 1398.9 1399.3
C4pH-2-CIS 1405.5 1369
C4F8-ISO 1405 1384.2
C4H6-DINEZ 1461.9 e340.6
C4H6-1-YNE 1317.2 1098.3
CSH12 17E9.5 1885.5
C5HIo 1693.6 1717.5
C5H8 1567.4 1567.2
C5HIO-CYCLO 1642.6 1627.6
C6H14 2139.7 2273
C6H12 2093.3 2144.6
C6HIO 1966.2 2033.5
C6H12-CYCLO 1962.1 1978.6
C7H16 2476 2752
C7H14 2409.7 2672.4
C7H12 Z302.3 2409.4
C7H14-CYCLO 2355.8 2237.8
C8HIS 2806.9 3152.3
C8H16 2740.7 3038.3
CBH16-CYCLO 2660.7 2594



TABLE XVITI

THE COMPARISON OF C6 FOR C4H8-I-HYDROCARBONS
GAS C6-S-K C6-C-R
C4H8-I 1349.2 1269.5
C4H8-2-CIS 1355.7 1244.5
C4H8-ISO 1355.2 1257.2
C4H6-DINE!- 1410.9 1227.1
C4H6-1-YNE 1270.7 1038.8
C5H12 1696.5 1699,2
C5HIO 1633.3 1555-1C5H8 1511.5 1420.1

CSHO-CYCLO 1583.9 1475
C6H14 2%63.3 2051.4
C6H12 2019 1942.4

C6HIO 1896.3 1339.6
C6H12-CYCLO 1891.8 1791.3
C7H16 2387.7 2474.9
C7H14 2323.9 2404.9
C7H12 2220.4 2177.6

C7HI4-CYCLO 2271.7 2035.9
C8H18 2706.7 2832.3
C8H16 2643.1 2733.9
C8H16-CYCLO 2566.2 2357.5

TABLE XIX

THE COMPARISON OF C6 FOR C4H8-2-CIS-HYDROCARBO'JS
GAS C6-S-K C6-C-R
C4H8-2-CIS 1362.2 1220.9
C4H8-ISO 1361.7 1233
C4H6-DIENE 1417.8 1206.6
C4H6-1-YNE 1276.8 993.1
C5H12 1704.6 1662
C5HIO 1641 1523.5
C5H8 1518.7 1391.6
CSHI-CYCLO 1591.4 1445.5
C6H14 2073.1 2007.5
C6H12 2028.6 1903.1
C6HIO 1905.4 1801.7
C6HI2-CYCLO 1900.8 1754.8
C7H16 2399 2419.1
C7H14 2335 2351.3
C7H12 2231.1 2132.1
C7H14-CYCLO 2282.5 1997.8
C8H18 2719.6 2767.7
C8H16 2655.7 2672.8
CBH16-CYCLO 2578.4 2312-4
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TABLE XX

THE COMPARISON OF C6 )*'R C4HB-ISO-U.YD-Ot. 2.,.+i3
GAS C6-S- C6-C-R
C4H8-ISO 1361•2 1245-4
C4H6-DIENE 1417.3 1217.4
C4H6-1-YNE 1276.3 1001.4
C5H12 1704 1650.6
C5H10 1640.5 1539.5
C5H8 1518.1 1406.1
C5HIO-CYCLO 1590.8 1460.5
C6H14 2072.4 2029.6
C6H12 2027.9 1923
C6H10 1904.7 1820.8
C6H12-CYCLO 1900.1 1773.3
C7H16 2398.2 2446.9
C7H14 2334.2 2378
C7HI2 2230.3 2155.1
C7HI4-CYCLO 2281.7 2017.4
C8H18 2718.7 2799.8
C8H16 2654.8 2733.3
C8H16-CYCLO 2577.5 2335.5

ITABLE Uj

THE COMPARISON OF C6 FOR C4H6-DIENE-HYDROCARBONS
GAS C6-S-K C6-C-R
C4H6-DIENE 1478.3 1202.3
C4H6-1-YNE 1329.4 993.6
C5H12 1772.7 1625.9
C5H10 1707.2 1498.8
C5H8 1579.8 1370.1C5H 10-CYCLO 1654-9 1^23-4C6H14 2156.5 1967.5

C6H12 2111.2 1872.7
C6H10 1983 1770.6
C6H12-CYCL0 1976.5 1725.9
C7H16 2495.5 2361.3
C7H14 2429.6 2296.9
C7H12 2321.7 2093
C7HIP-CYCLO 2374.1 1976.3
C8H18 2828.9 '2698.7
C8H16 2763 2610.7
C8H16-CYCLO 2633.1 2284.7

t
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TABLE XI,,

THE COMPARISON OF C6 FOR C4H6-1-YNE-HYDROCARBONS
GAS C6-S-K C6-C-R
C4H6-1-YNE 1196.8 822.8
CSH12 1597.4 1331.4
C5HI 1538 1230.7
C5H8 1423.3 1125.6
C5H10-CYCLO 1491.3 1169.4
C6H14 1943 1612.6
C6H12 1901.5 1538
CoHIo 1785.9 1453.1
C6HI2-CYCLO 1781.3 1417.1
C7H16 2248.4 1931.5
C7H14 2188.5 1879.5
C7H12 2991.1 1716.9
C7H14-CYCLO 2139.1 1627.3
C8H18 2548.8 2206.5
C8H16 2489.1 2136.3
C8H16-CYCLO 2416.7 1880

TABLE )jiiI

THE COMPARISON OF C6 FOR C5HI2-HYDROCARBONS
GAS C6-S-K C6-C-R
C5H12 2133.9 2292.3

C5H18 2054 2086.3
C5H8 1900.9 1903.5
C5HI0-CYCLO 1992.2 1976.8
C6H14 2595 2762.3
C6H12 2538.8 2605
C6H1O 2384.5 2470.4
C6H12-CYCL0 2379.8 2403.5
C7H16 3002.9 3346.1
C7H1A 2922.5 3248.9
C7H12 2792.1 2927.5
C7HI4-CYCLO 2857.1 2716.4
C8H18 3404.3 3833.3
C8H16 3323.9 3693.8
C8P16-CYCLO 3226.9 3149.3



TABLE XX Iv

THE COMPARISON OF C6 FOR C5HI13-HYDROCARBONS

GAS C6-S-K C6-C-R
C5H10 1977.2 1906.3
C5H8 1829-8 1740.3
C5HIO-CYCLO 1917.6 1807.5
C6H14 2498 2517.4
C6H12 2444-1 2380-8
C6H1 2295-5 2255.6
C6H12-CYCLO 2290.6 2195.9
C7H16 2890.6 3040.6
C7H14 2813.3 2954
C7H12 2687.9 2671
C7HI4-CYCLO 2750.2 2491.7
C8H18 3277 3480.8
C8H16 3199.8 3358.2
C8H16-CYCL0 3106.5 2886.2

TABLE XXV

THE COMPARISON OF C6 FOR C5HS-HYDI{0CARBONS
GAS C6-S-K C6-C-R
CSH8 1693.4 1589
C5H10-CYCLO 1774.7 1650.3
C6Hi4 2311-8 2297.2
C6H12 226s.8 2173.6
C6HIO 2124.4 2059
C6HI2-CYCLO 2119.9 2004-6
C7H16 2675.2 2773.5
C7H14 2603.6 2694.7
C7H12 2487.5 2437.9
C7HI4-CYCLO 2545.3 2276.1
C8H18 3032.7 3&74.6

C8H,6 2961.2 3063.4
C8Htd -CYCLO 2874.9 2636.2



TABLE yXXVI

THE COMPARISON OF C6 FOR C5HIO-CYCLO-HYDROCARBONS
GAS C6-S-K C6-C-R
CSH10-CYCLO 1860 "714.1
C6HI4 2422.7 2385.7
C6H12 2370-2 2257.5
C6H10 2226.1 2138.5
C6H12-CYCLO 2221.8 2082
C7H16 2803.6 2880.1
C7H14 2728.4 2798,3
C7H12 2606.7 2531.9
C7H14-CYCLO 2667.4 2364.3
C8H18 3178.3 3296.6
C8H16 3103.2 3181.2
C8H16-CYCLO 3012.6 2738.2

TA3LE XXVII

THE COMPARISON OF C6 F03 C6Hl4-,fvDROCA-3ONS
GAS C6-S-K C6-C-R

C6H14 3155-8 333Z.1
] C6HI2 3337.6 3143-4

C6HI, 2903.11 2980.1
C.SH12-CYCLO 2893.9 2900
C7H16 3651.9 403-1
C7H14 3554.2 3913.8
C7H12 3395.8 3530.6
C7H14-CYCLO 3474.6 3281.8
C8H18 4140 4615.7
C8H16 4042.4 4449.6
C8H16-CYCLO 3924.5 3803.7

TABLE XVIII

THE COMPARISON OF C6 FOR C6H12-HYDROCARBONS
GAS C6-S-K C6-C-R
C6H12 3021.2 2973.4
C6H10 2837.7 2816.9
C6H12-CYCL0 2831 2742.4

C7HI6 3573 3795.2
C7Hl4 3477.6 3688.1
C7t{l2 3322.7 3335.5
C7H14-CYCLO 3399.4 3112.:
C8HI8 4050.5 4345.5
C8H16 3955.2 4192.8
C8H16-CYCLO 3840.1 3605.2
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TABLE XXIX

THE COMPARISON OF C6 FOR C6HI0-HYDROCARBONS
GAS C6-S-K C6 C-R
C6HIO 2665.3 2o69.3
C6H12-CYCLO 2659 2598.3
C7H16 3355.9 3601.4
C7H14 3266.3 2493.4
C7H12 3120.8 :3161.3
C7H14-CYCLO 3192.9 '946.2
C8H18 3804.4 4123-2
CtsH16 3714.9 3977.2
C8H16-CYCLO J606.8 3413.3

TABLE XXX
THE COMPARISON OF C6 FOR C6HI2-CYCLO-HYDROCARBONS

GAS C6-S-K C6--C-R
C6H12-CYCLO 2654 2529.4
C7H16 3348.8 3593-1
C7H14 3259 3403.2
C7H12 3113.6 3076.8
C7H14-CYCLO 3186-2 2869.8
C8H18 3796.4 4010-2
C8H16 3706.7 3868.9
C8H16-CYCLO 3598.4 3324.3

TABLE XXXI

THE COMPARISON OF C6 FOR C7HI6-HYDROCARBONS
GAS C6-S-K C6-C-R
C7HI6 4226 4887-6
C7H14 4112.9 4744.5
C7H12 3929.6 4269.1
C7HI4-CYCLO 4020.7 3952.7
CBH18 4790.8 5600.8
CSH16 4677.8 53941.4
C8H16-CYCLO 4541.4 4584.3

TABLE MXXII

THE COMPARISON OF C6 FOR C7HI4-HYDROCARBONS

GAS C6-S-K C6-C-R
C7HI4 4003 4506
C7H12 3824.6 4146.6
C7H14-CYCLO 3912.1 3842.2
CSHI8 4662.5 5436.3
C8H16 4!.52.8 5236.8
CBH16-CYCLO 4420.1 4455.6



TABLE XXIII

THE COMPARISON OF C6 FOR C7HI2-HYDROCARSONS
GAS C6-S-K 06-C-P
CTHI2 3654-2 ^74.5
C7H14-CYCLO 3738.7 3486.1
CBH08 4454o7 4888.4
C8H16 4349.9 4714.2
CBH16-CYCLO 4223.2 4039.5

TABLE XXXIV

THE COMPARISON OF C6 FOR C7HI4-CYCLO-HYDROCARBONS
GAS C6-S-K {6-C,-.l
C7E1 I4.-CYCLr 3825.5 3269.3
CSHIB 4558.1 &4521.7
CBH16 4 450 .6 4367.7
C8H16-CYCLO 4320.8 3783.8

TABLE Xx,;V

THE COMPARISON OF C6 FOR C8H18-HYDROCARBONS
GAS C6-S-K C6-C-R
CBWI8 5431.' 6418.9
C8HI6 5303 6181
C8116-CYCkL0 5148.3 5245

TABLE XXXVI

THE COMPARISON OF C6 FOR CBH16-HYDROCARBONS
GAS C6-S-K C6-C-R
C8H16 517C.1 5954.1
C8H 16-CYCLO 5027,,2 5065

TABLE XXXVll
THE COMPARISON OF 06 FOR C8HI6-CYCLO-HYDROCARBONS
GAS C6-S-K C6-C-R
C8H16-CYCLO 4880-8 4380
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TABLE XXXVIII

Preliminary results for other systems.

Ar - halogenated hydrocarbons

Gas Q exp., A2

CR3C1 506

CH3Br 546

C 2- 5CI 586

j2-rare gases

Gas C6 exp., a.u. C6 S-K, a.u.

He 2.21 4.49

Nc 3.53 9.68

Kr 57.59 43.92

Xe 81.35 63.11


